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(54) POLYMER SOLID ELECTROLYTE 

(57)Abstract: 

PURPOSE: To provide the subject electrolyte composed of an 
organopolymer having a specified structure, a nitrogen-containing 
heterocyclic quarternary ammonium salt and a metal salt, free from 
a fear about electronic conduction, exhibiting a high ionic 
conductivity even in the vicinity of room temperatures and 
excellent in film forming properties and strength, etc. 
CONSTITUTION: This electrolyte is composed of (A) an 
organopolymer having an alkyl quarternary ammonium salt 
structure, (B) a nitrogen-containing heterocyclic quaternary 
ammonium salt and (C) a metal salt. As the component (A) of this 
electrolyte, a homopolymer of N,N-dimethyl-3-pyrrolinium chloride 
represented by formula I (R1 and R2 are CH3; X- is CI-) and having 
500000 average molecular weight is used. As the components (B) 
and (C), butylpyridinium chloride which is a compound in the case 
of k=4 and Y-=CI- in formula II and AICI3 are respectively used. 
The ratio of the components (A), (B) and (C) is preferably (A)=5 to 
20(mol)%, (B)=25 to 50(mol)% and (C)=70 to 30(mol)%. In addition, 
the above electrolyte can be obtained generally by uniformly 
dissolving the components (A) to (C) in a solvent. 
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®»mmmit. a«. iiojBiBrcffifljsft***. g^tc 



^fP8¥7- 1 1 8 480 
18 



(13) 



[0054] 

y>{tr;u 5-^Afi^©^is^w«liiS^^©T;u* 
;UHifST ^ At£X«££5R1gJR885SeHil8T 
^Ata©*tT-*>£l§JfJJi£U (A1X, ) ' 
EBBf******* * &HSS#* 5 JfM; s ft s <t a 6ft 

s. g/c, c©^Bj©itF^iii*ss?a«:*jc»t:«. -e 

©ifflRSJttCcfclJ. ( A 1 2 X 7 ) " ©«t^tC 1 0©*tW 

i^xe>ns„ ^u-c. en <;>©*§-( Dr-r 

ftSo l/fc*iot, C©#£Bfl&ctet,>-C#ISiS<h LT^P 

y>{trjU5-^AJt^rftfflL/cJ«^cc« > se*©'j^ 

H?(!j ^^^-T Z> C t 1fi njf}& t ft £ „ 
[0 05 5] $7c. C©^Hj©jg#^H<*1§|5gW&C*i(,> 
r«. ^py^ftTJUs-^Aig^©** ')r^^->i 
ttSfe)i**W«a«:d«*l4"r*>. fiKII*14©<£T«># 
7Xts^*T g #±#IT 5Ci(C <fc &2S«^©;gLiS(ftffi 
Ttt£Qft(>. L7c#-?T. UT-fsf->£iSigK{C 

[0 05 6)5 etc. C<D»W©1»»-?H*«»W«:*} 

mUlCte^Xb 10" 4 -1 0" 8 S/craO«>i 
[0 05 7] 

[0058]##f5jl [flT«i«^A. B (DA EC, 
S)2 Oni 1 ©i}f ffl^7^tt7>7>*(C, DAECX 



m 



(ii) 



7- 1 1 8 48 0 
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20 



zT*u~ V *)>\> (A I BN) 4mg£Jjnx.fc 0 * Or-, 
Cti«r«*«ft*SB«:-oO:af, K5-f T-f*-**-/-* 

tiiati^fflo^Te 5*cr2 48$rafi^siS3i±/c 0 cn 
ratio* y*-/-^cc»jws-tt % *<r> 

CD@<**>^-/-JU-THr h>^CtrifttJI^£2-3 10 
@«0iSO; W«0. $btettmi*ftKTtc*si*>XVL 
*8Sl±/c e ^<DMm, BfJH©PDA"ECXttPDAPC 
£*K*2 0-4 0%-Cff/Co ttfc, C<DW«iS$H=-W:, 
FT - I RMCDC la* 1 H-NMRT[HlSb, ft 

[0 05 9] ifc ^s>*iU*^B»fi*l<t orrvtrx 

A V^P- hUJU (A I BN) *Ctt*.riM*ft'<>V r 
-YJU (PBO) t«fflOrfelB««CWlB©W«li»^«r 

[0 0 6 0 ] ##082 [WflfiBfl^C^H <AK£tt) 20 

«20ml CD^ffl^^^14T>^";U*CC v (i) DAE* 



* CXtiDAPCi, cii)7P»;i-^l/flKS«rWiaccWr 
&y ll I/— ns*^-*- (CH 2 =CCH 3 (CO 
O (CH 2 CH 2 O) 4 CH S (feTF. PEM4iB61- 
4) XBCH, =CCH 3 (COO (CH 2 CH 2 O) 
9 CH 3 (felT, PEM9<iBgT£) ) <b 4 (iii) ^£ 
*y;bBM^u (MM A ) <h£*UK^o/c*y-7--iffl. 
gcth (mo \ %) <£.l,tci)^xmx.. SfcfcTVtTyW 
V^-^p^ h (A 1 BN) £{±i^/clg*>'v--<E> 
-t;l/$Mc*tor0. 2-1. 0mol%£Unx., MWL 
Xty—mmttCLtc. *:<DVk. ±«(DDAECX«DAP 
C(D#ttS^i*<D^i[5j«<7)^^tfo/c 0 -eofe 

3 0-40 °/or?#/c e f#6tt 
fcK«]9^©*^-7-ffi)S*CDC 1 3 H-NM 

Rr[Hj^o/ccbc5, «*>^~©tti&*»ct»i;r<r> 

[0 06 1 ] tt*5. 7^;H^SiJ<!:lt7yb'X 

^v^pr. h (A I BN) tcft^rjftgtfb'-oV 
>f;MPBO) *«ffl0r*>PI«CCBf»!O*«W^* 

[0 06 2 ] 



(mo IX) 





DAEC 


DAPC PEM4 


PEH9 MMA 




100 










100 






95 


5 






90 


10 






95 




5 




95 




5 






95 5 








90 


10 



fy^OA^a7>f K) <d&j&] 

~ hay zistpxt v i» £Mffl<Dn -T^n^a^ 

K«r2 4ffiSFfffllra<!ftjBao. #l>r#£PO, ^^*^>* 

^iI/try^-«5A^D9-Y K (BPC) ©ia*ss*»' 
/Co cn^, y ^y-^-^^^if>^(D?g^r2-3 

[0 0 6 3 ]##W)4 (^py>(t7JR^^ 



[0 06 4] Hfi&ffll 1 ^3 8 

( a ) mft+mwnwn? a scorns 

±ffi###fl 1 r f#/c P D A E C <««Wfl^ A ) 
(cStt*^SO/cx^y-;l/*tc^flno, 

assKiofc. 

[0 06 5 ]-^ ##Fd3rf#/c:/^;t/t-y^~^A 

^07-( K (BPC) $C, ##mo«iJI£SfeO/ct&{b 
TJl/^^AA Ida*, *h6**^©*^JtiaS 
d: 0 CC£l> O fofl» O 6ttJ *. /c 0 
[0066] (BPCiAlCU (D^UJt) 

mmm i - 8 [ b pc ] : [ a i c 1 3 ] = 

3 : 7 



• 



21 

[BPC] 



9-15 

4 : 6 

ja6#« 16-20 [BPC] 
2 : 8 

HtKM2 1-2 6 [BPC] 
1:9 

HJSW2 7-3 2 [BPC] 

6 : 4 

JBSS«3 3-3 8 [BPC] 

7 : 3 

EC (WtSiStfH^A) <DX.*s->U»WUC* K ^ -Y T -Y 

PDAEC/BPC/AICh WiffiWlW 



[ A 1 C 1 3 ] 

[ A 1 C la ] 

[ A 1 C 1 s ] 

[ A 1 C 1 3 

[A 1 C I 



(12) ^68^7- 1 1 8 48 0 

22 

HL<Dzlz.»j V ( - N R 3 CI) BP*3DAEC:x~* Y 

mm&zmm?2>BPctA ic i a &<D«iajt 

[0 06 7]*©», ?LS0. 4 5 umlcy j )\,$-% 

ft, 4 0-60 # CiDjaKffiH«:KSL/ctI»S*rft« 
«*^ftc»*0rtt«S^, IH5 0-2 0 0/imS 

[0 06 8] 
[312] 



10 





-NR 3 CI unit 


BPC 


AlClj 


BPC/AIC1, 


7 -< *j>e>ytm 




(mmol) 


(mmol) 


(mmo 1) 






mam i 


1. 00 


0.043 


0. 10 


3/7 


mm. #?xim 




i: oo 


0. 129 


0. 30 


3/7 


mm. ua&tt. gfis^si 




1. 00 


0. 214 


0. 60 


3/7 


mm, £«c& SBSi&eR 


mmm 4 


1. 00 


0. 30D 


0. 70 


3/7 


mm. mtm. easasaua 




L 00 


0.428 


I. 00 


3/7 


mm. aa^sas 


mmm e 


1.00 


0. 857 


2. 00 


3/7 . 






1. 00 


1. 290 


3. 00 


3/7 






1. 00 


2. 140 


6. 00 


3/7 




mmm 9 


1. 00 


0. 067 


0. 10 


4/6 


mm, xvxirn 


fuswio 


1. 00 


0. 205 


0. 30 


4/6 


mm. mi&. me&Rwm 




1. 00 


0. 333 


0. 50 


4/6 


mm. sasttsuit 




1. 00 


0. 467 


0. 70 


4/6 


mm, sb&hbir 




1. 00 


0. (67 


1.00 


4/6 


mm, mm. sttmmm 


nmmu 


1. 00 


1. 333 


2. 00 ' 


4/6 




&K50IJ15 


1. 00 


3. 333 


5.00 


4/6 





[0 06 9] 



[*3] 



* 
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FDAEC/BPC/A1C1 



(13) 



nmW:7- 1 1 8 48 0 
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-NR, CI unit 


BPC 


AIC1 3 


BPC/AICI, 


;l/A<Dt^fl§ 




(mbo [ ) 


/mm t\ 1 i 


(tinno 1 ) 






-^JmvH 1 0 


i nn 


n n?R 

U. U/D 


n in 

U. JU 


Z/o 






I. uu 


n i 

U. 160 


n sn 
U. DU 


ft /ft 
6/0 






i nn 
1. uu 


n 1 7^ 

U, 119 


n 7n 

U. 1 u 


ft /ft 

1/6 




^fltfit7«J i y 


i nn 


n 9 sn 
U. tDU 


1 n n 

l. UU 


ft /ft 
4/0 




iW>J20 


I. 00 


0. 500 


2. 00 


2/8 






1. 00 


ft nil 

0. 01 1 


n 1 ft 
0. 10 


1 /A 

1/9 






1 ft ft 

1. 00 


A ft 1 0 

0. 033 


ft 4ft 

0. 30 


1 /A 

1/9 






1. 00 


0. 056 


0. 50 


1/9 


nn -w ■ •■ — » i_.xj.-w.imi. 




i. bo 


0. 078 


0. 70 


1 /n 

1/9 






1. 00 


0. Ill 


I. .00 


1/9 




SWJ26 


i. 00 


0. 222 


2. 00 


1/9 






1 ft A 


A 1 C ft 

0. 150 


0. 10 


6/4 






1 Aft 

1. 00 


a icn 

0. 450 


A 1 A 

0, 30 


6/4 






1 An 
1. 00 


ft 7C A 

0. 7 o 0 


A CO 


C /i 

6/4 




^Mrffll 0 ft 

MSEWO 


- I. 00 


i n e a 

1. 050 


ft in 

0. 70 


6/4 


j®^^ iRtKffi^ sax was* 




1 n n 

1. 00 


1 C ft ft 

I. 500 


f ft A 

1. 00 


;6/4 


. ' , -rjrj -y -t»A, til fvt*r 


2S&fe0]32 


1. 00 


3.00 


2. 00 


6/4 




5£S£0»]33 


1. 00 


0. 233 


0. 10 


7/3 




ie*fe#J34 


1 00 


0. 700 


0. 30 


7/3 






1. 00 


L 16? 


0. 50 


7/3 






1. 00 


1. 633 


0. 70 


7/3 






1. 00 


2. 333 


1. 00 


7/3 






1. 00 


4. 667 


2. 00 


7/3 





^■r. c©^e>. c©^(cfci>rtt, bpc.aic 40 

t<bA 1 C 1 s ©ib^ [A 1 3 4 ]/[-NR, CI] 

( c > nfrm#mm97 ■< ^a©-/ t^mmm^m-m 

±fe (a) -CfffciS^HttSWev ^;UA©-<*>^ 
l3^bA§e^lltEtl. »«FBI6 0*C-Clnl»flB 



<D^ft!l!»i+^tCffifcn^»J:^(CL/c. toft, ^Sffiffi 
[ 0 0 7 0 ] ttfc. C©SiJ5©i. affiDj^OtlS^S 

10''' -10' HziWc. 

[007 1 ] ttc. mmic^Lxu. nmwm&zi.^* 

[007 2] 4 *>mnm<DWm.teWz*> BPC:A1 

c 1 , = 3 : itistcmmmz. 4-7©^^_att^ 



25 

mmy -r A'A.cco^tu:. - 2 o °c-6 o °c<DU&ffi*& 

"T^T-U^^^d/Tvs. loga) icy'a 

vbLtc c<dvu v hmmzm HC^-To £tc, BP 

C ; A 1 C 1 3 = 4 : 6 i LtcmMffl 12-14 oymft 
[0.07 3 ] H 1*6. BPC : A 1 C 1 3 = 3:7i 

mui&{%<DUi£ffimcte^xmm&& 1 o - 4 - 1 o 10 

" 3 S/cmit^Il^TCi^^ CCDi 
[ A 1 8 + ] / [-NR-3 C 1 ] <DfiI^2W±CDS*fe 
«6, 7^ttSPtt^M^r^)^>C<h^6, hS^R^ 
fiKM14©M^^-re<b. CCD&Vtt. [A 1 3 + ] 
/[-NR, CI] =0. 3-1. Olgit^Ci^ 

[0 07 4] S/c, 13 1*6, [A 1 9 + ] / [-NR 

a c i ] offi#*£< tjiz&xmmmou&^itwi^ 

[0075] H2^6, BPC : A 1 C 1 3 = 4 : 6 i 20 
LfclSaW 12-1 4<DiiE^ J F-H#«»K7 ^ ;UA6co 
^rfc, ^ffliatt©fflffi«Jiii(cfcciraeK**i o~ 6 

— 10" 3 S/cmil^S^fil^rTnU 13 HC^L/c 
XttM2. 4-7(0iB^H»«W»^^^AtB*O 

[0 0 7 6 ] S/c, W^HttWWR? w JUA*«tetr 

^pdaec, Bpc v a i c 1 3 (omf&titmmmt 
(ommcn. [a i c 1 3 ] / ( [a i c 1 3 ] ■+ 

[BPC] ) CC»U"Ca»«* (30°C) ZzfUy 

tc 0 C(Dy'a v h*£3l£IS3Cc^r o 30 



■ ViW^W-l - 1 1 8 48 0 
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[007 7103*6, PDAEC©7;^;l/QiS7> 

^-o^&mmiciti-rzA 1 c i a ©it* [a 1 c 

1 3 ] / [-NR» C 1 ] *0. 3 - 1 . OOlSHtC* 
BPCiA 1 C 1 3 *6*S»iaSU«<Dffl 
tttt[AlCl.]/<[AlCli ] + [BPC]) 
#6 0-8 0%-Ci>2>tMl,>m9&&TjkZtlZCbWt> 
*&„ ctucttur, [A 1 C 1 s. ] / [ - NR 3 C 

1]*2. OGrtl^ctt, BPCiA 1 C 1 3 *6&5 

<b # teiffil >aSS^*?n £ ft £ c <t **>* £ „ 

[0 0 7 8] HJS083 9-5 2 

( a ) ^^H»S)S®^ * Jl>A©fKfc 
««*^iLtPDAEC A) CCftxT 

PDA PC (WSMfcH^B) *te«T*«M«B*m 
<fclaI««CU PDAPC<tBPC<tA 1 C 1 3 <&«J«4 

^A*f&0EOfc. CCOm^, BPCt A 1 C 1 3 CD^:;!/ 

[0 0 7 9] (BPCiAlClaO*Wbf) 
mi&M3 9-4 2 [BPC] : [A 1 C 1 s ] = 
3:7 

HS5&WI4 3-4 6 [BPC] : [ A 1 C 1 s ] = 
4:6 

JOSIW4 7-4 9 [BPC] : [A 1 C 1 3 ] = 
2:8 

HSS0fl5 0-5 2 [BPC] : [A 1 C 1 3 ] = 
6 : 4 
[0 0 8 0] 
[*4] 



m • 

(15) - 1 1 8 48 0 
27 28 
PDAPC/BPC/A 1 C 1 3 Igjgjggggg 





-NR 3 CI unit 


BPC 


A 1 CI 3 


8PC/AICI 3 




(ramo 1 ) 


(mmol) 


Cmrao 1) 






1. 00 


0. 129 


0. 30 


3/7 




1 A A 

1. 00 


0 . 1 14 


ft C A 

0. 50 


3/7 




1. 00 


0. 300' 


0. 70 


3/7 




L 00 


0. 428 


I. 00 


3/7 


1KfeW3 


1. 00 


0. 200 


0. 30 


4/6 




i. bo 


0. 333 


0. 50 


4/6 


^CwUiT' J i w 


L. 00 


0. 467 


0. 70 


4/6 


^56 Wo 


i n n 


u. b o I 


1 HA 

1. uv 


A /C 

4/0 




1. 00 


0. 125 


0. 50 


2/8 


XttftMS 


1. 00 


0. 175 


0.70 


2/8 


IKfc«H9 


1. 00 


0. 250 


1. 00 


2/8 




1. 00 


0. 450 


0. 30 


6/4 


9WM51 


1.00 


0. 750 


0.50 


6/4 


9S&0I52 


i. 00 


L 050 


0. 70 


6/4 



mtemmn? -< fr^t>m&mwxm$kmcmtitcb<DX' 

< c ) m^&tmmmy < ;ua£>^ t^mmmamm 
Jbis (a) x-mc&ft+m»mmmy < )\>j*<Dj*>m 

too8n ft btitcmmmz [ a i c 1 3 ] / ( [ a 
i c is ] + [bpc] ) tcztuxzya •> v utc. c 

[0 08 2] 04#>6. Wt^itf^iL-CPDAPC?: 



[0 08 3] *l!ife{«J5 3-55 

mb^btc^^ic. mmmi \ om^m^mmmy 

^;bACC*jt>r. A 1 C 1 s icR*.-CA 1 B r 3 X«A 

i i 3 zfemf&y.mxnmmi i^mmicLxm^ 

[0 084] 
«5] 



AIX 3 -NRj CI : BPC : All, 



7 4 Jl>M.COiKm 



A I C I , 
AlBrj 
All, 



I. 00 
1. 00 
I. 00 



0. 30 
0. 30 
0. 30 



0. 70 mm. mm., sb^sis 
0. 70 mm. mk&. &tt&mm 
0. 70 mm, mmik, sepsis 



f#en/ciSi^@(*mft?»7 < jiAommasn^atm [ o o 8 5 ] ttc, cti^^mitmmwy ■< ^a© 



29 



^ -/ * > * + y r <* i l r MSf icftm? *> c <h 

So * 



(16) *5P§¥7- 1 1 8 48 0 
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* [0 08 7 ] 

[0 08 8] 

[*6]. 







ttft (*/Wfc) 


7 4 jlAOtm 






-NR 3 CI 


: BPC 


. A 1 C 1 3 






c 


1. 00 


0. 30 


0. 70 


mm. naw±. sttwrnz 




D 


1. 00 


o. n 


0. 70 


mm. taws-, &ttmm 


tsmu 


E 


1.00 


0. 30. 


0. 70 


mm. smm*. ga^sm 




F 


1. 00 . 


0. 30 : 


0. 70 


mm. &tt#wm 



SWmHS^CD^^v-iffltiSttcML. PEM4*5mo 

A (11*6015 6) .fcHlOmo ^©W^ittf^DS: 
ffifflL-fcJii^HftS«?®7 * ;L-A (2gffe0|5 7 ) <F>13 
&mmk&*%<. ±fc. PEM4£<5ML-;fcii55HHS 
ftSIK^^l-A (XSI0f5 6) «fcO fe^'Jx-f-JUflt 
j»©gC » P E M 9 £<s6ffl L 1tttfrfM#mM1ty ■< i\> A 

PEM4X«PEM9©tBliKJ:t£&W\ Sfcfttt^Sl* 
<5> > v 'J x - f JUflHiOfflffi £g < TT 5, i , ffi 

a^Hfttwiw ^ 4 jo A<Dm®.te*\ft± $ i± e>n c <t 

##©fc«>. HiSC«l4<D-f ^>agm* 

PDHPC/BPC/AICI, %ig#?B<$^W!g 



20* [0 08 9] cn6^T-H(*:^<SS7 ^ JL-ACD 

3 o °ccc*jw-s ■< * i^mnm* mtm 1 1 mmicmfe l 

. [0 09 0 ] 06*»P>. W^StfH^S&tCiWcr). * 
ft££t>-&*y v-PEM4XttPEM9©*gj£it£* 

[0 09 1 ] JUSSW 6 0 ~ 6 3 

iltW^flAi5 0 0 00 0©PDMP 
CfcttHJU PDMPC^ifiStSDMPCax 
•v K BPC. A 1 B r s ©$J?Xit£«7 «:^T<J:-5«: 

■Ol'AZitf&Ltc. 
[0092] 
[*7] 



30 





DMPC unit 


BPC 


A 1 C 1 3 


DUPC : BPC : 


AICI, 


7 h ;WA©«9g 




(mo IK) 




(■o IX) 


(*W 








5 


05 


30 


1 : 13 


: . « 






10 


(0 


30 


1 : 6 


: 3 


mm. gB^m 




15 


55 


45 


1 : 3. 67 


: 3 






20 


25 


70 


1 : 1.25 


: 3.5 





[0093] s/c, cne>i^i{*iKi^ -/ jI/aco 
mmmznmmi ±mmcmjs.b> m^titcmmmo* 



50 



T-U^XgMl/T vs. 1 offer) cc?*n* 

tc*b. PEOiLiCIO* -( [Li + ]/[EtO u 
nit ] =0. 0 2) ^6ttS!K^mWBWIt7^7l/A 



31 

[0 09 4]@7j!i>6, C©*&6fiaj6 0. 6 1 
Bf«W»»7^^A©W«*«. Sfiri 0" 3 S/c 

[0 09 5 ] 

immvt&mKmi] 

[HI] 




180 ' 8.00 8-SO 8.40 3.80 8.80 4.00 4JS0 

T 4 | laoons) 




IT) . 1 1 8 48 0 
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[03] mmMonfr+MtPmmwmo. pdaec. 
bpc. a i c i s <Dmmbtmmmt<DMmm-c$> 

[14] 3fe5S#'J©i«#^-|lf*1iB?f?M©, PDAEC, 

bpc. a i c 1 3 (oMmttwmmt<DMmm-c$> 
jus Aoasijgw&owflHa-c**. 

[■6] XMHNoM^BfMJRIOio. WtSW#T© 

[0 7] **6W©iS#^B{*SW®|ia©i&JK£!gS35<D 
M&0-C&&. 



[02 ] 




[03] 




0.S0 O30 0.40 0£0 O60 0.70 O80 030 L0 j 

£jUCy/C[AlCl J ]4fBPC]) 10 J ' Li I 1 

0.20 0-30 0.40 O.SO 0.80 0.70 040 0.00 LOO 
CAtCy/OAlO^MBPCD 



(18) 



7- 1 1 848 0 



tH5] 



me] 



S3 

i F 



KT 8 



AIC1, 



mm 4 



I 



xmmsi 



[B7] 




(72)jwi# ea* s- 



